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(U)  Making  use  of  a  procedure  developed  in  an  earlier  paper  (DAN 
BSSR  v.  9,  10,  1965 ),  the  authors  calculate  the  emission  produced 
by  a  generator-amplifier  system  with  allowance  for  their  mutual 
influence  (i.e.,  the  feedback  between  the  generator  and  the  amplifier) 
for  different  parameters  of  the  active  medium  and  of  the  resonator. 

The  properties  of  such  a  system  are  compared  with  those  of  a  system 
in  which  the  quantum  generator  and  the  quantum  amplifier  are  con¬ 
sidered  separately,  so  as  to  determine  the  region  of  parameters  in 
which  the  feedback  must  be  taken  into  account.  The  calculation  is 
based  on  energy  relations  with  allowance  for  the  dependence  of  the 
gain  of  the  active  medium  on  the  radiation  density.  A  computer 
(Minsk-1)  was  used  for  the  calculations.  The  results  are  presented 
in  the  form  of  plots  of  the  emission  flux  against  the  relative  re¬ 
flection  coefficients  and  of  the  emitted  energy  on  the  relative 
reflection  coefficient.  The  investigation  shows  that  the  mutual 
influence  of  the  generator  and  the  amplifier  in  such  a  compound 
system  must  be  taken  into  account  if  the  amplifier  length  is  shorter 
than  or  equal  to  the  length  of  the  driver  generator,  or  when  the 
amplifying  section  is  long  but  the  reflection  coefficients  are  close 
to  the  threshold  values.  This  report  was  presented  by  Academician 
AN  BSSR  B.  I.  Stepanov.  Orig,  art.  has:  2  figures. 


THE  EXCITATION  OF  A  GENERATOR-AMPLIFIER  SYSTEM 
Ye.  P.  Chechenina  and  I.  R.  Katseva 

(Presented  by  Academician  B.  I.  Stapanov,  Academy 
of  the  Belorussian  SSR) 

A  number  of  authors  [1-7]  have  investigated  composite  solid-state 
and  gas  systems  in  which  one  of  the  elements  is  a  master  generator 
and  the  other  is  an  amplifier.  In  the  theoretical  description  of 
such  systems  the  amplifier  is  often  considered  separately  from  the 
generator  [1,  5].  But  in  a  number  of  cases  such  an  independent 

examination  can  lead  to  erroneous  results.  In  this  report  the 
excitation  of  the  generator-amplifier  system  is  studied  with  con¬ 
sideration  of  their  mutual  influen:e,  i.e.,  feedback  between  generator 
and  amplifier  with  different  parameters  of  the  active  material  and 
the  resonator.  The  features  of  such  a  system  have  been  compared  with 
those  of  a  system  with  independent  examination  of  the  generator  and 
amplifier,  which  permits  explaining  the  region  of  parameters  in  which 
feedback  should  be  considered.  The  calculation  is  conducted  on  the 
basis  of  energy  relations  with  consideration  of  the  dependence  of  the 
amplification  factor  of  the  active  material  on  the  radiation  density. 
The  method  used  is  discussed  in  reports  [8,  9]*  The  obtained  results 
relate  to  currents  which  are  integral  in  frequency  and  angle. 

The  excitation  of  a  composite  generation  system  made  of  two 
series-arranged  samples  is  investigated  in  detail  in  [8],  In  it, 
it  is  shown  that  values  of  amplification  X1  and  X2  (for  one  pass)  can 
be  determined  from  the  system  of  equations 
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where  ,  t^  and  r^,  t^  are  the  reflectivity  and  transmissivity  of 
the  external  mirrors;  r£  and  r£  are  the  reflectivities  of  the  inter¬ 
mediate  layer  on  the  part  of  the  first  and  second  samples , 
respectively;  (J  *  1,  2)  are  the  initial  amplification  factors; 

pj  are  the  spurious  loss  factors;  are  the  lengths  of  the 
amplifying  layers;  and  t 2  is  the  transmissivity  of  the  intermediate 
layer.  Knowing  and  X ^  it  is  not  difficult  to  calculate  the 
value  of  currents  coming  out  of  the  composite  system.  Thus,  for 
example,  for  a  current  coming  out  through  the  right  end  we  have  [8] 
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Expressions  (1)  and  (2)  are  also  applicable  for  investigating 
the  excitation  of  the  generator-amplifier  system  with  consideration 
of  coupling  between  them.  Formulas  (1)  describe  not  only  the 
amplification  process  Itself,  but  also  the  reverse  influence  of  the 
second  sample  on  the  first  (values  X.^  depend  on  the  properties  of 
the  second  sample). 


I 


Since  the  generation  threshold  of  the  first  sample  has  been 
overcome  (it  generates  in  the  absence  of  the  second  amplifying  layer), 
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For  the  amplifying  layer  the  following  inequality  is  satisfied: 
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For  simplification  it  is  assumed  in  (3)  and  (3')  that  the  reflecting 
layer  between  the  active  samples  is  characterized  by  uniform 
reflectivities  from  both  sides,  i .e .  ,  r£  »  r£  ■  •  It  is  expedient 

to  assume  that  the  external  boundary  of  the  master  generator 
completely  reflects  light  (r^  ■  1 ,  an  opaque  mirror),  since  the 
values  r^  ■  1  are  encountered  most  often  in  practice.  From  (3)  and 
(3%  it  follows  that  at  set  values  of  k^j  ,  pj  ,  ,  and  r^  ■  1, 

reflectivities  r2  and  r^  should  satisfy  the  conditions 
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In  Fig.  1  there  are  represented  the  dependences,  on  r^ ,  of  a 
current  coming  out  of  the  generator-amplifier  system,  with  and  with¬ 
out  consideration  of  the  reverse  influence  of  the  amplifier  on  the 
generator  at  different  lengths  of  the  amplifying  sample  SL^ ,  the 
reflectivities  of  intermediate  boundaries  r^,  and  the  two  values  of 
the  original  amplification  factor.  The  first  case  corresponds  to 
solid-state  lasers  (kQ  ■  0.15  cm  ,  and  the  second  case  corresponds 
to  gas  lasers  (k^  ■  0.0015  cm”1)).  The  calculations  are  made  for 

k01  “  k02  “  kQ*  ai  "  a2  "  a  and  pi  “  p2  "  P*  Mlrror  absorption  was 
taken  into  consideration  for  the  gas  lasers;  the  absorptivity  of 
the  mirrors  was  taken  as  0.002r. 

The  computations  were  done  on  a  "Minsk-1”  computer  by  the 
Iteration  method.  The  current  was  computed  without  considering 
the  reverse  influence  of  the  amplifier  on  the  generator  according 
to  the  formulas  of  report  [9]* 


From  Fig.  1  it  follows  that  with  short  lengths  of  amplification 
layer  %2  less  than  or  equal  to  (Figs,  la,  d),  curves  sout^r3^* 
calculated  with  and  without  consideration  of  the  mutual  influence 
have  a  completely  different  form.  In  these  cases  the  second  sample 
is  in  an  amplification  regime  in  the  entire  region  of  the  change  of 
r^  from  zero  to  one  (r3thr  >  1,  and  0  <  r^  <  r3thr) .  With  consid¬ 
eration  of  the  mutual  influence,  the  dependence  on  r3  is  more  complex. 
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With  an  increase  of  reflectivity  r~  on  the  output  end  and  with  values 

^  L.  M  <3 

of  r2  close  to  r2  ,  outgoing  current  SQUt  first  increases,  achieves 
a  maximum  value,  and  then  decreases  with  a  further  increase  of  r~ 

f-  r*  ^ 

up  to  r,  .  At  high  values  of  r~  the  maximum  vanishes ,  and  an 
increase  of  r^  up  to  r^  leads  to  a  monotonic  increase  of  the 
current  coming  out  of  the  generator-amplifier  system.  On  the  curves 
without  consideration  of  the  mutual  Influence  there  is  no  maximum, 
and  the  highest  value  of  the  output  current  is  obtained  at  r^  "0. 

The  dependence  on  r,  is  continuous,  and  with  an  increase  of  r,  to 

thr  ^  ^ 

r^  the  output  current  vanishes. 


«  fhr 

Pig.  1.  Dependence  of  current  v3Q  SQut  on  r^/r^  with  (I) 

and  without  (II)  consideration  of  the  reverse  influence  of  the 
amplifier  on  the  generator:  a,  b,  c  -  for  k_  ■  0.15  cm"1; 

-1  o  * 

p  ■  0.02  cm  j  ■  5  cm  and  for  Z2  equal  to  5  cm,  10  cm,  and 

50  cm,  respectively;  d,  e,  f  -  for  kQ  -  0.0015  cm"1;  p  ■  2.10"5 

cm"1;  ■  150  cm  and  %2  equal  to  150  cm,  500  cm,  and  1000  cm, 

respectively.  The  numbers  near  the  curve  are  the  values  of 

r2/r2thr. 
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decreases 


With  an  increase  of  and  r2,  the  values  of  r^ 


thr 


thr* 

i.e.,  the  region  of  the  change  of  r^  (0  i  )  within  whose 

limits  the  threshold  of  the  generation  of  the  second  sample  has 
not  yet  been  overcome,  narrows  down.  With  high  lengths  of  the 
amplifying  layer  (Figa.  lb,  e)  an  increase  of  reflection  on  the 
output  end  in  both  cases  (with  and  without  consideration  of  feedback) 
leads  to  an  increase  of  the  current  coming  out  of  the  generator- 
amplifier  system.  With  reflectivities  of  the  intermediate  layer  r2 
close  to  r^*11*,  the  emerging  currents  calculated  with  the  consideration 
of  the  feedback  many  times  exceed  the  currents  calculated  without 
considering  it.  With  high  reflectivities  of  r 2  when  the  coupling 
between  the  samples  decreases,  curves  ^^(r^)  coincide  in  both  cases. 
Finally,  with  sufficiently  long  lengths  of  the  amplifying  layer  the 
output  currents  in  both  cases  are  practically  the  same. 


As  a  result  of  the  effect  of  the  amplifier  on  the  generator, 
the  energy  emerging  beyond  the  limits  of  the  generator  depends  not 
only  on  the  parameters  of  the  generator  itself,  but  also  on  the 
parameters  of  the  amplifier.  It  can  be  calculated  from  the  formula 


In  Fig.  2  the  dependences  of  on  r^  have  been  constructed. 

From  the  figure  it  is  obvious  that  with  very  short  lengths  of 

amplifying  layer  i2  (Figs.  2a,  d)  and  with  low  values  of  r2,  with  an 

increase  of  r^  the  magnitude  of  the  energy  first  increases,  i.e.,  the 

presence  of  the  amplifier  contributes  to  a  more  effective  use  of  the 

energy  of  the  generator  itself.  At  some  value  of  r^  the  maximum 

value  of  W^  is  attained,  and  then  the  energy  taken  from  the  generator 

decreases.  Value  r^  corresponding  to  the  maximum  value  of  is 

close  to  the  value  of  r^  at  which  the  maximum  radiation  of  the 

generator-amplifier  system  is  obtained.  With  comparatively  long 

lengths  of  the  amplifying  layer  an  increase  of  the  reflection  on  the 

output  end  of  the  amplifier  increases  W^ ,  whereupon  the  greater  the 

r2,  the  less  the  dependence  of  W1  on  r^  is  expressed.  With  very  long 

lengths  of  the  amplifying  layer,  magnitude  W.  is  practically  indepen- 

thr  * 

dent  of  r^,  since  r^  is  close  to  zero,  and  the  mutual  influence 
of  the  generator  and  amplifier  can  be  disregarded. 
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Fig.  2.  Dependence  of  vSq  W.^  on  r^/r^  :  a,  b,  c  -  for 

kQ  ■  0.15  cm”1;  p  ■  0.02  cm”1;  ^  ■  5  cm  and  for  equal  to 

5  cm,  20  cm,  and  50  cm,  respectively;  d,  e,  f  -  for  kn  «  0.0015 

-1  -S  u 

cm  ;  p  ■  2*10  ■  150  cm  and  for  equal  to  150  cm,  500  cm, 

and  1000  cm,  respectively.  The  numbers  near  the  curves  are  the 

values  of  r2/r2  . 

Thus,  the  investigation  of  the  excitation  of  the  generator- 
amplifier  system  shows  that  the  mutual  influence  of  the  samples  in 
such  a  composite  system  should  be  considered:  a)  with  short  lengths 
of  the  amplifier  less  than  or  equal  to  the  length  of  the  master 
generator;  b)  with  long  lengths  of  the  amplifying  layer,  but  with 
reflectivities  of  r2  close  to  threshold  values  r2thr* 
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